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ABSTRACT 

NCC and N S R  are rendezvous maneuvers which have 
been proposed f o r  use i n  t h e  Skylab rendezvous. The NCC 
maneuver serves t o  c o r r e c t  he igh t  and out-of-plane e r r o r s ,  
and i n s u r e  on-time a r r i v a l  a t  t h e  NSR maneuver p o i n t .  The 
N S R  manuever n u l l s  out-of-plane v e l o c i t y  and p l a c e s  t h e  
a c t i v e  v e h i c l e  i n t o  a c o e l l i p t i c  o r b i t .  C o l l e c t i v e l y ,  t h e  
t w o  maneuvers a r e  designed t o  p l ace  t h e  a c t i v e  v e h i c l e  i n  
an o r b i t  which i s  c o e l l i p t i c  w i th  t h e  pas s ive  v e h i c l e  and I 

such t h a t  t h e  a c t i v e  v e h i c l e  a r r i v e s  a t  t h e  d e s i r e d  T e r m i n a l  
Phase I n i t i a t i o n  p o i n t  a t  a s p e c i f i e d  time. 

v 

A t a r g e t i n g  r o u t i n e  has  been w r i t t e n  f o r  u se  w i t h  
t h e  Navigation and Guidance Simulator  (NAGS) which computes 
t h e  de l t a -v  r equ i r ed  f o r  t h e  NCC and N S R  maneuvers. The 
r o u t i n e  au tomat i ca l ly  minimizes t h e  t o t a l  de l t a -v  r equ i r ed  
by varying t h e  t i m e  of t h e  NSR maneuver w i t h i n  u s e r  imposed 
l i m i t s .  Th is  memorandum desc r ibes  t h e  NCC/NSR t a r g e t i n g  
r o u t i n e ,  and d i s c u s s e s  some of t h e  c h a r a c t e r i s t i c s  of these 
maneuvers. This  memorandum i s  one of  a series which w i l l  
u l t i m a t e l y  be c o l l e c t e d  t o  form t h e  documentation f o r  the 
Navigat ion and Guidance Simulator .  
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I .  I n t r o d u c t i o n  

The NCC and N S R  rendezvous maneuvers a r e  designed 
t o  p l ace  t h e  a c t i v e  v e h i c l e  a t  a s p e c i f i e d  h e i g h t  and phase 
r e l a t i o n s h i p  w i t h  t h e  pass ive  v e h i c l e  a t  a s p e c i f i e d  t i m e .  
The  NCC* maneuver i s  r e a l l y  a Lambert maneuver i n  which t h e  
r equ i r ed  d e l t a - v  i s  computed by s o l v i n g  Lambert 's problem 
f o r  t h e  v e l o c i t y  r equ i r ed  t o  t r a v e l  from t h e  p r e s e n t  p o s i t i o n  
t o  t h e  d e s i r e d  N S R  p o s i t i o n  i n  a s t a t e d  t ime. Then, on 
a r r i v a l ,  t h e  NSR maneuver w i l l  p l a c e  the a c t i v e  vehicle i n  
a c o e l l i p t i c  o r b i t  w i t h  the p a s s i v e  v e h i c l e .  References 1 
and 2 provide a g e n e r a l  explana t ion  of  t h e  NCC and NSR maneuvers 
and compare them w i t h  t h e  Apollo C S I  and CDII maneuvers. 

T h e  NCC and NSR maneuvers, o r i g i n a l l y  developed f o r  
Gemini, w i l l  be  used i n  t h e  Skylab mission rendezvous. I n  t h e  
Skylab rendezvous, t h e  end  cond i t ions  that  must be s a t i s f i e d  
by t h e  NCC/NSR sequence a r e  t h e  r e l a t i v e  p o s i t i o n  and t h e  of  
t h e  T P I  p o i n t ,  where t h e  r e l a t i v e  p o s i t i o n  i s  s p e c i f i e d  by the 
l ine -o f - s igh t  e l e v a t i o n  angle and t h e  h e i g h t  d i f f e r e n t i a l .  
F igure  1 shows t h e  c u r r e n t l y  planned Skylab rendezvous p r o f i l e  
drawn i n  c u r v i l i n e a r  coord ina tes  cen te red  a t  t h e  pas s ive  
v e h i c l e  (SL-1). 

T h i s  r o u t i n e  was w r i t t e n  f o r  u s e  i n  Bellcomm's 
Navigation and Guidance Simulator ( N A G S ) ,  i n  o r d e r  t o  perform 
c e r t a i n  s t u d i e s  concerned with t h e  Skylab rendezvous. T h i s  
memorandum d e s c r i b e s  t h e  r o u t i n e s ,  t h e  c h a r a c t e r i s t i c s  of t h e  
maneuvers as necessary ,  and a technique  f o r  minimizing t h e  
t o t a l  d e l t a - v  r equ i r ed  f o r  the  maneuvers. 

*The le t ters  IICC" i n  NCC s t a n d  f o r  " c o r r e c t i v e  
combination, and t h e  l e t t e r s  "SR" i n  NSR s t and  f o r  "slow ra te" .  
The N has no s i g n i f i c a n c e  i n  t h e  c u r r e n t  usage of t h e  sequence 
and does n o t  s t a n d  f o r  a p a r t i c u l a r  word. 
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11. Discussion of t h e  Maneuvers 

The NCC t a r g e t i n g  r o u t i n e  assumes t h a t  t h e  fo l lowing  
q u a n t i t i e s  a r e  known: 

1. The t i m e  of  t h e  NCC maneuver. 

2 .  The t i m e  of t h e  N S R  maneuver. 

3. The a c t i v e  and passive v e h i c l e  s ta tes  p r i o r  
t o  t h e  NCC maneuver. 

4 .  The desired cond i t ions  a t  t h e  T P I  maneuver 
p o i n t .  

The desired cond i t ions  f o r  t h e  T P I  maneuver a r e  
expressed by: 

1. The t i m e  of  t h e  TPI  maneuver, 

2 .  The l i n e - o f - s i g h t  (LOS)  e l e v a t i o n  angle  from 
t h e  a c t i v e  t o  t h e  pass ive  v e h i c l e ,  and 

3 .  The c o e l l i p t i c  o r b i t  a l t i t u d e  d i f f e r e n c e .  

Typica l  va lues  of t h e  T P I  cond i t ions  f o r  Skylab rendezvous 
planning a r e  a l i ne -o f - s igh t  e l e v a t i o n  angle  of 2 8  degrees 
and a c o e l l i p t i c  a l t i t u d e  d i f f e r e n c e  of  1 0  nm. The t i m e  of 
t h e  T P I  maneuver i s  miss ion  dependent and i s  picked such t h a t  
130 degrees  of  pas s ive  veh ic l e  t r a v e l  l a t e r ,  t h e  pas s ive  
v e h i c l e  w i l l  be near  t h e  dawn t e rmina to r .  I t  has g e n e r a l l y  
been regarded a s  desirable t o  ach ieve  t h e s e  T P I  cond i t ions  
as a c c u r a t e l y  a s  p o s s i b l e  i n  o r d e r  t o  minimize c r e w  monitor ing 
and manual backup procedures  f o r  t h e  t e rmina l  phase. 

w i th  t h e  
POs t - N S R  

1. 

2. 

3. 

4. 

S p e c i f i c a t i o n  of t h e  t i m e  of t h e  NSR maneuver a long 
T P I  cond i t ions ,  f i x e s  t h e  N S R  maneuver p o i n t .  The 
s t a t e  v e c t o r  c a n  be cons t ruc t ed  as fol lows:  

The pass ive  veh ic l e  s ta te  i s  advanced t o  
t h e  d e s i r e d  t i m e  of T P I ,  

The r equ i r ed  a c t i v e  vehicle T P I  p o s i t i o n  
vec to r  i s  cons t ruc ted  us ing  t h e  d e s i r e d  

o r b i t  a l t i t u d e  d i f f e r e n c e  a t  T P I ,  
LoS eiev-atior, ang le  and J-L- r.n-11 n+i m 

L i A G  ~ U L L L I ~  LII 

The a c t i v e  v e h i c l e  T P I  v e l o c i t y  v e c t o r  i s  
cons t ruc t ed  such t h a t  t h e  a c t i v e  s t a t e  i s  
a c o e l l i p t i c  o rb i t ,  and 

The a c t i v e  s t a t e  vec to r  i s  p r o j e c t e d  backwards 
i n  t i m e  t o  t h e  s p e c i f i e d  time of NSR. T h i s  
y i e l d s  t h e  post-NSR s t a t e  v e c t o r .  
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The pre-NCC s t a t e  can be found once t h e  d e s i r e d  t i m e  
of t h e  NCC maneuver i s  s p e c i f i e d .  S i n c e  t h e  d e s i r e d  NCC and 
NSR l o c a t i o n s  and maneuver t i m e s  are known, Lambert 's problem 
can be  solved t o  determine t h e  r equ i r ed  NCC v e l o c i t y .  
d e l t a - v  r equ i r ed  a t  NCC, which i s  computed by s u b t r a c t i n g  t h e  
pre-NCC v e l o c i t y  from t h e  r equ i r ed  NCC v e l o c i t y ,  i s  a combi- 
n a t i o n  of an in-plane phase/height  adjustment d e l t a - v  and an  
out-of-plane v e l o c i t y  c o r r e c t i o n  de l t a -v .  The in-plane component 
i n s u r e s  t h a t  t h e  l o c a t i o n  of t h e  NSR maneuver w i l l  be a t  t h e  
proper  phase and h e i g h t  such t h a t  t h e  a c t i v e  v e h i c l e  can 
t r a v e l  i n  t h e  d e s i r e d  c o e l l i p t i c  o r b i t  from NSR t o  T P I  and 
a r r i v e  a t  t h e  d e s i r e d  T P I  l i ne -o f - s igh t  angle  a t  t h e  r e q u i r e d  
t i m e .  The out-of-plane c o r r e c t i o n  i s  designed t o  e s t a b l i s h  a 
p l a n a r  node ( a  c ros s ing  of t h e  a c t i v e  and pass ive  p l anes )  a t  
t h e  N S R  p o i n t .  

The 

A f t e r  t h e  implementation of  the  NCC de l t a -v ,  t h e  
NSR t a r g e t i n g  r o u t i n e  i s  en tered .  This  r o u t i n e  assumes t h a t  
t h e  a c t i v e  and p a s s i v e  v e h i c l e  s ta tes  p r i o r  t o  t h e  NSR maneuver 
and t h e  d e s i r e d  t i m e  of NSR a r e  known. The r o u t i n e  advances 
t h e  i n p u t  s t a t e s  t o  t h e  t i m e  of N S R  and computes t h e  d e l t a - v  
r e q u i r e d  f o r  t h e  a c t i v e  v e h i c l e  t o  go i n t o  an  o r b i t  which i s  
c o e l l i p t i c  w i th  t h e  t a r g e t  veh ic l e .  This  computation i s  
e s s e n t i a l l y  i d e n t i c a l  t o  t h e  Apollo Constant Del ta  Height (CDH) 
maneuver. To t h i s  c o e l l i p t i c  d e l t a - v  i s  added t h e  out-of-plane 
v e l o c i t y  component needed t o  n u l l  any v e l o c i t y  pe rpend icu la r  
t o  t h e  t a r g e t  v e h i c l e  o r b i t .  

111. Minimum Delta-v Reauirements a t  NCC and NSR 

While t h e  NCC t a r g e t i n g  r o u t i n e  r e q u i r e s  t h e  t i m e  of  
t h e  NCC and N S R  maneuvers as i n p u t  in format ion ,  cons ide rab le  
l a t i t u d e  i s  a v a i l a b l e  i n  s e l e c t i n g  t h e s e  t i m e s .  I n  a d d i t i o n  
t o  t h e  obvious c o n s t r a i n t  t h a t  t h e  N S R  t i m e  must fo l low t h e  NCC 
t i m e  and precede t h e  T P I  t i m e ,  o p e r a t i o n a l  c o n s i d e r a t i o n s  
r e q u i r e  t h a t  t h e  maneuvers be s u f f i c i e n t l y  sepa ra t ed  i n  t i m e  
t o  al low f o r  naviga t ion  measurements and maneuver p r e p a r a t i o n .  
Experience has shown t h a t  t h e  NSR maneuver should be between 
30 and 60  minutes p r i o r  t o  t h e  T P I  maneuver. The minimum t i m e  
d i f f e r e n c e  allows adequate t i m e  f o r  measurements and p r e p a r a t i o n ,  
whi le  t h e  maximum t i m e  d i f f e r e n c e  prevents  excess ive  bu i ldup  of 
NSR execut ion  errors. S i m i l a r l y ,  a minimum of 30 minutes  should 
be provided between NCC and NSR. Within t h e s e  g e n e r a l  c o n s t r a i n t s ,  
t h e  maneuver t i m e  can be s e l e c t e d  t o  minimize t h e  t o t a l  f u e l  
r e q u i r e d  for  t h e  two 11ia11eUvers. 

Figure 2 shows the e f fec t  of varying t h e  time of t h e  
N S R  rr.aneu.t;-er f o r  zn z r b i t r a r y  examp1.e. I n  th is  exm.Fle, t.he 
t r a n s f e r  t i m e  frorr, NCC to TPI  w a s  695G seccnds,  and t h e  c c e l l i p t i c  
a l . t , i tude  Gif fe rence  i s  f i x e c  a.t. 1 0  nrr. T h e  t i m e  from NCC t.c, NER i s  
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allowed t o  range between 3350 and 5150 sec. I n  t h i s  example, 
t h e  t o t a l  d e l t a - v  r equ i r ed  a t  NCC and N S R  v a r i e s  by a f a c t o r  
of two over  t h e  allowed range i n  N S R  t i m e .  The minimum t o t a l  
f u e l  r equ i r ed  f o r  both maneuvers occurs  when N S R  i s  performed 
approximately 4150 sec a f t e r  NCC. 

0 
t 

S i m i l a r  curves  would r e s u l t  from varying t h e  t i m e  
f NCC o r  t h e  d e s i r e d  coe l l i p t i c  a l t i t u d e .  It w a s  decided by 
he au tho r s  t o  allow only NSR t i m e  t o  be optimized au tomat i ca l ly  

wi th in  t h e  NCC r o u t i n e .  However, t h e  c o e l l i p t i c  a l t i t u d e  and 
t i m e  of  NCC may be optimized e x t e r n a l l y  as desc r ibed  i n  
Sec t ion  V I .  

I V .  The Targe t ing  Routine 

The a u t h o r s '  t a r g e t i n g  r o u t i n e  computes t h e  NCC 
problem* as d i scussed  i n  Sect ion 11. The de l t a -v  op t imiza t ion  
c a p a b i l i t y  d i scussed  i n  Sect ion I11 i s  inc luded .  There are 
t w o  e n t r y  p o i n t s  t o  t h e  t a r g e t i n g  r o u t i n e .  The f i r s t  i s  used 
when t a r g e t i n g  t h e  NCC maneuver. I n  t h i s  case t h e  NCC d e l t a - v  
s o l u t i o n  i s  produced which corresponds t o  t h e  minimum t o t a l  
de l t a -v  f o r  NCC and NSR. The second e n t r y  p o i n t  i s  used i n  
t h e  s i t u a t i o n  where NCC has a l ready  been performed. N S R  t i m e  
i s  v a r i e d  t o  determine t h e  minimum d e l t a - v  only  i n  t h e  NCC 
t a r g e t i n g  case .  Appendix A con ta ins  a block diagram of  t h e  
t a r g e t i n g  r o u t i n e  and t h e  separate c a p a b i l i t i e s  of t h e  r o u t i n e  
a r e  d iscussed  i n  t h e  next  two subsec t ions .  

A. The NCC Targe t ing  Routine 

The 

1. 

2 .  

3 .  

4. 

5. 

6. 

i n p u t s  t o  the NCC t a r g e t i n g  r o u t i n e  are: 

The t i m e  of t h e  NCC maneuver, 

The t i m e  of t h e  T P I  maneuver, 

The d e s i r e d  l i ne -o f - s igh t  e leva t ion  angle  
a t  T P I ,  

The desired c o e l l i p t i c  a l t i t u d e  d i f f e r e n c e ,  

T h e  m i n i m u m  and maximum t i m e  allowed i n  
c o e l l i p t i c  o r b i t ,  and 

-3. 
111e active aiid passive 8tZt2 vcctcrs at 
s o m e  time p r i o r  t o  t h e  NCC maneuver. 

*A p r e c i s i o n  Lambert So lu t ion  i s  used i n  t h e  t a r g e t i n g  
r o u t i n e .  The p r e c i s i o n  s o l u t i o n  i s  obta ined  by us ing  an o f f s e t  
t a r g e t  v e c t o r  which i s  determined by an i t e r a t i v e  process .  The 
procedure r e q u i r e s  t h e  use of Subrout ine I N I T V  a s  described i n  
Reference ( 4 ) .  
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The t a r g e t i n g  r o u t i n e  w i l l  then determine: 

1. The f u e l  optimum t i m e  (based upon t h e  
c o n s t r a i n t s  of  minimum and maximum a l lowable  
t i m e  i n  c o e l l i p t i c  o r b i t )  of t h e  NSR 
maneuver,* 

2 .  The de l t a -v  r equ i r ed  a t  NCC, and 

3 .  The d e l t a - v  r equ i r ed  a t  NSR. 

The o p e r a t i o n  wi th in  t h e  t a r g e t i n g  r o u t i n e  i s  a s  
fol lows:  

1. The pass ive  s t a t e  i s  i n t e g r a t e d  t o  t h e  t i m e  
of T P I ,  and t h e  a c t i v e  s t a t e  i s  i n t e g r a t e d  
t o  t h e  t i m e  of NCC. 

2 .  The a c t i v e  s ta te  p o s i t i o n  v e c t o r  a t  T P I  is 
cons t ruc t ed  based upon t h e  r equ i r ed  c o e l l i p t i c  
a l t i t u d e  d i f f e r e n c e  and t h e  d e s i r e d  l ine-of -  
s i g h t  e l e v a t i o n  angle .  The equa t ion  f o r  t h i s  
c o n s t r u c t i o n  i s  d i scussed  i n  Reference ( 3 ) .  

3 .  The a c t i v e  s ta te  v e l o c i t y  v e c t o r  a t  T P I  i s  
cons t ruc t ed  so  t h a t  t h e  a c t i v e  s t a t e  i s  a 
c o e l l i p t i c  o r b i t .  

4 .  The act ive s t a t e  i s  then  i n t e g r a t e d  backwards 
i n  t i m e  through t h e  minimum and maximum 
allowable t i m e s  i n  c o e l l i p t i c  o r b i t .  These 
two p o i n t s  d e f i n e  t h e  bounds of t h e  N S R  p o i n t .  

5 .  S t ep  ( 4 )  determines t h e  d e s i r e d  bounds on t h e  
N S R  po in t ;  however, there can b e  forb idden  
r eg ions ,  wi th in  t h e s e  bounds, i n  which NSR 
cannot occur .  These forbidden r eg ions  r e p r e s e n t  
N S R  p o s i t i o n s  t h a t  would r e q u i r e  t r a n s f e r s  
between NCC and NSR, e i t h e r  i n  t h e  neighborhood 
of 180 degrees  o r  g r e a t e r  t han  about  360 degrees  
degrees .  S o l u t i o n  techniques  f o r  Lambert 's  
problem are gene ra l ly  u n s t a b l e  i n  t h e  regions 

*The t i m e  of t h e  NSR maneuver w i l l  be  between t h e  
t i m e  of t h e  T P I  maneuver m i n u s  t h e  minimum and t h e  maximum 
a l lowable  t i m e s  i n  c o e l l i p t i c  o r b i t .  I f  a n  e x a c t  t ime of NSR 
i s  d e s i r e d ,  bo th  i n p u t  l i m i t s  should be equated t o  t h e  d e s i r e d  
t i m e  of T P I  minus t h e  des i r ed  N S R  t i m e .  I n  t h i s  case, of  
cour se ,  no de l t a -v  opt imiza t ion  can t a k e  p l ace .  
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of 1 8 0  degrees  and 360 degrees  and i t  w a s  f e l t  
t h a t  t h e r e  was l i t t l e  need t o  be concerned wi th  
t r a n s f e r s  of g r e a t e r  than  one  o r b i t . *  There- 
f o r e ,  t h e  t a r g e t i n g  r o u t i n e  i s  set  up t o  
e l i m i n a t e  a l l  regions between t h e  minimum and 
t h e  maximum c o e l l i p t i c  o r b i t  t i m e  which would 
r e s u l t  i n  a t r a n s f e r  e i t h e r  between 1 7 0  and 1 9 0  
degrees ,  o r  g r e a t e r  t han  350 degrees .  These 
l i m i t s  were s e l e c t e d  by t h e  au tho r s .  The R e a l  
T h e  Computer Complex (RTCC) a c t u a l l y  t r i e s  t o  
avoid t r a n s f e r s  o f  from 1 6 0  t o  200 degrees  and 
g r e a t e r  than 340 degrees  (Reference (1) ) . 

6 .  Next, a l l  allowed r eg ions  f o r  N S R  are checked 
t o  determine t h e  p o i n t  r e q u i r i n g  t h e  minimum 
t o t a l  de l t a -v .  The t o t a l  d e l t a - v  i s  computed 
as t h e  sum of t he  magnitudes of t h e  d e l t a - v ' s  
t h a t  are requi red  f o r  t h e  NCC and NSR maneuvers. 
The 
f o r  

a.  

b. 

C. 

d .  

procedure t o  determine t h e  t o t a l  de l t a -v  
an N S R  time i s  as fol lows:  

I n t e g r a t e  t h e  a c t i v e  v e h i c l e  T P I  s t a t e  
backwards t o  t h e  NSR t h e  t o  be checked, 

Compute t h e  r e q u i r e d  NCC v e l o c i t y  a s  a 
s o l u t i o n  t o  Lambert 's  problem using t h e  
a c t i v e  v e h i c l e  p o s i t i o n  v e c t o r  a t  N S R  
as t h e  t a r g e t ,  and t h e  t i m e  d i f f e r e n c e  
from NSR t o  NCC a s  t h e  d e s i r e d  t r a v e l  
t i m e  , 
Compute the  r e q u i r e d  d e l t a - v  a t  NCC by 
s u b t r a c t i n g  t h e  p r e s e n t  v e l o c i t y  a t  NCC 
from t h e  v e l o c i t y  r e q u i r e d ,  and 

Compute the  r e q u i r e d  de l t a -v  a t  NSR by 
s u b t r a c t i n g  t h e  pre-NSR v e l o c i t y  d e t e r -  
mined i n  (b) from t h e  post-NSR v e l o c i t y  
determined i n  ( a ) .  

An i t e r a t i v e  process  i s  used t o  determine t h e  minimum 
de l t a -v  NSR p o i n t .  T h i s  process  f i t s  a parabola  t o  t h e  l a s t  
t h r e e  computed d a t a  p o i n t s ,  and t h e  t i m e  of  N S R  t h a t  corresponds 
t o  t h e  minimum of t h e  parabola  is  used as t h e  next  t r i a l  va lue  

of XSP, -c . 7 -n  L 2 - -  
UL LY3K LLllll2. The iteration i;roczss rzqui res  th rec  values  

* I t  i s  necessary t o  u se  a d i f f e r e n t  technique f o r  
t r a n s f e r s  of  approximately 180  degrees  or  f o r  g r e a t e r  t han  360 
degrees .  Such a technique,  which involves  i t e r a t i n g  o n  t h e  
de l t a -v  of t h e  maneuver, i s  desc r ibed  i n  Reference ( 5 ) .  
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t i m e  i n  order t o  i n i t i a l i z e  t h e  loop. The minimum and maximum 
a l lowable  NSR t i m e s  and t h e  average of t h e s e  t i m e s  and t h e i r  
r e s p e c t i v e  d e l t a - v ' s  a r e  used t o  form t h e  i n i t i a l  parabola .  
T h e  i t e r & t i v e  process  cm.t inues u . n t i l  e i t h e r  t h e  char..s;e i n  t c t a .1  
de l t a -v  is less than  0 . 1  f t / s e c ,  o r  e leven  i t e r a t i o n s  are 
completed. Genera l ly ,  t h r e e  i t e r a t i o n s  ( a f t e r  s t a r t i n g  t h e  
process)  have been enough t o  o b t a i n  a s o l u t i o n  dur ing  tests. 

The r e q u i r e d  NCC de l ta -v ,  a s  determined above, i s  
r e tu rned  a s  t h e  answer. I t  should be noted t h a t  t h e  d e l t a - v  
requirements  i nc lude  t h e  de l ta -v  t o  remove any non-planar 
cond i t ions  e x i s t i n g  a t  NCC. The r e tu rned  d e l t a - v  i s  expressed 
i n  local  v e r t i c a l  coord ina tes  based on t h e  a c t i v e  s t a t e  a t  
t h e  t i m e  of NCC. 

B. NSR Tarcretina Routine 

A f t e r  performing t h e  NCC maneuver, it is  necessary 
t o  compute and implement t h e  NSR maneuver. The method fo r  
determining t h e  r equ i r ed  N S R  de l t a -v  f o r  Skylab w i l l  probably 
be t o  use t h e  s t anda rd  Apollo CDH r o u t i n e  t o  determine t h e  i n -  
p lane  component of de l t a -v ,  and the out-of-plane Rendezvous 
Display Program t o  determine t h e  out-of-plane component o f  
de l ta -v .  The in-p lane  de l t a -v  p l a c e s  t h e  act ive v e h i c l e  i n t o  
a c o e l l i p t i c  o r b i t ,  and t h e  out-of-plane de l t a -v  cance l s  any 
v e l o c i t y  t h e  active v e h i c l e  may have perpendicular  t o  t h e  p l ane  
of  t h e  target  v e h i c l e .  The method of computing both t h e  CDH 
and t h e  out-of-plane de l t a -v  i s  d i scussed  i n  Reference ( 7 ) .  

The t a r g e t i n g  r o u t i n e  t o  compute t h e  N S R  maneuver 
has  t h e  fol lowing i n p u t  requirements:  

1. The t h e  of t h e  N S R  maneuver, and 

2 .  The a c t i v e  and p a s s i v e  v e h i c l e  s t a t e  v e c t o r s .  

The r equ i r ed  d e l t a - v  i s  computed as described above and o u t p u t  
i n  l o c a l  ve r t i ca l  coord ina tes  o f  t h e  a c t i v e  s ta te  a t  t h e  t i m e  
of t h e  maneuver. 

V. Auxi l ia rv  Subrout ines  

The NCC/NSR t a r g e t i n g  r o u t i n e  r e q u i r e s  t h e  use of 
a u x i l i a r y  sub rou t ines .  These c o n s i s t  of t h e  M I T  conic  sub rou t ines  
desc r ibed  i n  Reference ( 4 )  and a p r e c i s i o n  i n t e g r a t i o n  r o u t i n e .  
The  p r e c i s i o n  i n t e g r a t i o n  r o u t i n e  uses  a f u l l - g r a v i t y  model t o  
advance a s t a t e  v e c t o r  through a g iven  t i m e  segment. 

V I .  Minimization of t h e  Total  Delta-v Required 
a t  NCC, N S R ,  and T P I  

T h e  a u t h o r s '  t a r g e t i n g  r d u t i n e  could be used toge the r  
w i t h  t h e  Apollo T P I  t a r g e t i n g  z o u t i n e  (Reference ( 3 ) ) ,  t o  f i n d  
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an  o v e r a l l  m i n i m u m  t o t a l  de l ta -v  r equ i r ed  a t  NCC, N S R ,  and 
T P I .  I n  a d d i t i o n  t o  al lowing NSR t o  occur w i t h i n  a g iven  
range of  t i m e ,  t h e  c o e l l i p t i c  a l t i t u d e  d i f f e r e n c e  may be 
allowed t o  vary w i t h i n  u s e r  s p e c i f i e d  l i m i t s .  S ince  t h e  T P I  
d e l t a - v  i s  c o n s t a n t  f o r  a given c o e l l i p t i c  a l t i t u d e  d i f f e r e n c e ,  
t h e  T P I  d e l t a - v  need be  computed only  once f o r  each t r i a l  
va lue  of c o e l l i p t i c  a l t i t u d e  d i f f e r e n c e .  

The procedure f o r  t h i s  minimizat ion would be  a s  
fol lows:  

1. 

2. 

3 .  

4 .  

Select a c o e l l i p t i c  a l t i t u d e  d i f f e r e n c e  wi th in  
t h e  a l lowable  range. 

With t h i s  va lue ,  use t h e  a u t h o r s '  NCC/NSR t a r g e t i n g  
r o u t i n e  t o  determine the  minimum t o t a l  d e l t a - v  
r equ i r ed  f o r  NCC and N S R  w i th in  t h e  range of  allow- 
a b l e  t i m e s  i n  c o e l l i p t i c  o r b i t .  

Using t h e  T P I  s ta tes  f o r  bo th  v e h i c l e s  ( a v a i l a b l e  
i n  t h e  a u t h o r s '  NCC/NSR t a r g e t i n g  r o u t i n e ) ,  c a l l  
t h e  T P I  t a r g e t i n g  r o u t i n e  t o  compute t h e  de l t a -v  
r equ i r ed  a t  T P I .  

The t o t a l  d e l t a - v  requi red  i s  t h e n  t h e  sum of t h e  
de l t a -v  magnitudes f o r  t h e  chosen c o e l l i p t i c  a l t i t u d e  
d i f f e r e n c e .  

A method s i m i l a r  t o  t h e  p a r a b o l i c  f i t  desc r ibed  i n  
Sec t ion  I11 o r  a Newton-Raphson i t e r a t i o n  r o u t i n e  can be used 
t o  select t r i a l  va lues  of c o e l l i p t i c  a l t i t u d e  d i f f e r e n c e s .  
Repeat the above s t e p s  w i t h  each new t r i a l  c o e l l i p t i c  a l t i t u d e  
d i f f e r e n c e  u n t i l  a m i n i m u m  t o t a l  de l t a -v  s o l u t i o n  has  been 
found . 

Another p o s s i b l e  approach would be t o  vary t h e  t i m e  
of t h e  NCC maneuver f o r  a f ixed  c o e l l i p t i c  a l t i t u d e  d i f f e r e n c e .  
I n  t h i s  case, t h e  NCC t a r g e t i n g  r o u t i n e  should be  c a l l e d  
r epea ted ly  wi th  d i f f e r e n t  values  f o r  t h e  t i m e  of NCC. T h e  
t a r g e t i n g  r o u t i n e  w i l l  au tomat ica l ly  opt imize  over  t h e  a l lowable  
range of t h e  t i m e  of NSR, and an i t e r a t i o n  r o u t i n e  could be used 
t o  select  t r i a l  va lues  of t he  t i m e  of NCC. 

COG 1 0  2 5- RCP- 1 i 

Attachments 

*C7* 
R. C .  Purkey 
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A P P E N D I X  A 

The i n p u t  and ou tpu t  d a t a  for t h e  t a r g e t i n g  r o u t i n e  a r e  

I A  - a c t i v e  s ta te  v e c t o r  p o i n t e r  

I P  - p a s s i v e  s t a t e  v e c t o r  p o i n t e r  

TTPI  - t i m e  o f  T P I  maneuver 

ELLV - e l e v a t i o n  angle  d e s i r e d  a t  T P I  

AH - a l t i t u d e  d i f f e r e n c e  d e s i r e d  a t  T P I  and c o e l l i p t i c  
o r b i t  

lJ - g r a v i t a t i o n a l  c o n s t a n t  

IPOS - maneuver f l a g ;  = 1 NCC maneuver, = 2 N S R  maneuver 

TMAX* - maximum t i m e  allowed i n  c o e l l i p t i c  o r b i t  

TMIN* - minimum t i m e  allowed i n  c o e l l i p t i c  o r b i t  

TNCC* - t i m e  of NCC maneuver 

TNSR**- t i m e  of N S R  maneuver 

AVNCC - d e l t a - v  r equ i r ed  a t  NCC i n  (up,  forward, out-of- 
p lane)  local  v e r t i c a l  coord ina te s  cen te red  i n  t h e  
a c t i v e  v e h i c l e  a t  t h e  t i m e  of t h e  NCC maneuver. 

AVNSR - d e l t a - v  r equ i r ed  a t  NSR i n  (up, forward, out-of- 
p lane)  l o c a l  v e r t i c a l  coord ina te s  cen te red  i n  t h e  
a c t i v e  v e h i c l e  a t  the  t i m e  of N S R  maneuver. 

* requ i r ed  i n p u t  f o r  NCC maneuver on ly  

**The NCC t a r g e t i n g  r o u t i n e  o u t p u t s  t h i s  v a r i a b l e ,  and it 
i s  r e q u i r e d  i n p u t  f o r  t h e  N S R  t a r g e t i n g  r o u t i n e .  



NO KOUNT = 100 
TNSR = TTPI - TMIN 

V 

APPZNDIX B 

THE FLOW OF THE TARGETING ROUTINE 

ENTER NCCNSR (IA, IP, TTPI, ELLV,AH, p 
IPOS, TMAX, TMIN, TNCC, TNSR) 

I 

PRECISION INTEGRATE ACTIVE 
STATE TO TNCC, 
GET R&CC, VANCC 

CONSTRUCT ACTIVE STATE POSITION AND 
VELOCITY AT TPI USING ELEVATION ANGLE 
(ELLV), AND gOELLIPTIC ALTITUDE DIFFERENCE 
(AH). GET RATP I,V&P I 

NO OPTIMIZATION 

THE BOUNDS ON TIME OF NSR IS GIVEN BY (TTPI-TMAX) AND (TTPI-TMIN). 
REDUCE THESE BOUNDS AS REQUIRED SO THAT THE TRANSFER FROM 
NCC TO NSR IS LESS THAN 350 DEGREES. GET TNSRMX AND TNSRMN. 



1 
1 

ELIMINATE ALL VALUES OF TIMES WITHIN THE RANGE TNSRMX TO TNSRMN 
THAT WOULD REQUIRE BETWEEN 170" AND 190" TO TRANSFER FROM NCC 
TO NSR. GET TNGIMX. TNGIMN 

. NSR=TNSRMX 3 

(TNSR-IO., TNSR.GT.TNSRMX 
T?!S RM?!! I 

I 

TNSR=AMINI NO 
(TNSR+IO., 4 

TNSRMX 1 



P 
IF TNSR IS WITHIN THE LIMITS TNGIMN TO TNGIMX, THEN CHANGE TNSR 
TO THE RESPECTIVE LIMIT IT IS NEAREST. 

I I I 

+ t  
ADVANCARATPIGATPI (ACTIVE STATE AT  TPI) TO TNSR (TIME OF NSR) 
GET RANSR, VANSR USING PRECISION INTEGRATION. 

t 
I 

CALL INITV WITH RA&, V ~ C C ,  TNCC, TNSR, R&SR. GET 
VG~KGLOCITY REQUIRED AT NCC TO GET TO NSR POSITION. 
AND VPNSR - THE RESULTING VELOCITY A T  NSR. 

I I 
COMPUTE DELTA-V REQUIRED AT NCC 

AVNCC = VTEMP - VANCC 
--c - - 

I I 
I 

I 1 
C O M P U J  DELTAV REQUJED AT NSR 

AVNSR = VPNSR - VANSR 

+ 

I 
9 

No 

YES 

V 

NO RETURN 
TNSR, 
AUNCC, I AUNSR I 

I TNSR, I RETURN 

AUNCC, I AUNSR I 
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SAVE THE SUM OF THE MAGNITUDES OF AVZCC 

VALUE OF TNSR AS XTIME(K0UNT). 
AND A V ~ R  AS YDLVT (KOUNT) AND THE CURRENT 

KOUNT = KOUNT + 1 

FIT A PARABOLA TO THE LAST THREE DATA POINTS OF TOTAL Av AND 
TIME OF NSR. FIND THE TIME CORRESPONDING TO THE MINIMUM AV 
VALUE OF THIS PARABOLA. CALCULATE THE INCREMENTAL VALUES 
FROM LAST DATA POINT TO THIS TIME AND AV VALUES. GET XDELT 
AND YDELT RESPECTIVELY. 

WRITE 
No * ERROR 

MESSAGE 
KOUNT . LT . I 1  

TNSR = TNSR + XDELT 
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PRECISION INTEGRATE ACTIVE AND PASSIVE 
PASSIVE STATES TO TNSR TIME 

COMPUTE OUT-OF-PLANE COMPONENT OF DELTA-V REQUIRED 
TO STOP OUT-OF-PLANE MOTION OF ACTIVE VEHICLE WITH 
RESPECT TO PASSIVE VEHICLE 

COMPUTE INPLANE COMPONENT OF DELTA-V 
REQUIRED TO PLACE ACTIVE VEHICLE INTO A 
COELLIPTIC ORBIT, TAKING INTO ACCOUNT 
THE OUT-OF-PLANE CORRECTION DELTA-V. 

1 

EXPRESS DELTA V IN LOCAL VERTICAL COORDINATES AS 

DVNSR 
* 

- 
RETURN DVNSR 
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